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(  NG    .J.  ABSTRACT 

The  question  pertaining  to  the  acceptance  of  a  standard  drying 
temperature  of  1 1  0  JL  5°C  in  making  water  content  determinations  of 
soils  has  been  extended  to  the  oven  drying  of  marine  sediments.      The 
implementation  of  a  temperature  within  the   130  to  150°C  range  ap-    . 
pears  to  be  just  as  adequate  as  the  accepted  standard  for  the  drying 
of  inorganic  sediments  and  has  the  added  advantage  of  shortening 
the  drying  time.      Increasing  the  temperature  above   150°C  does  not 
appreciably  reduce  the  drying  time  and  may  begin  to  break  down  the 
less  stable  clay  sediments   such  as  montmorillonite.     The  water  con- 
tent determinations  appear  to  fluctuate  in  a  random  manner  with 
increase  in  drying  temperature  suggesting  that  the  mineralogy  of 
the  sediments  somehow  controls  water  content.      The  concept  of 
normalized  water  content  is  introduced  and  appears  to  be  an  in- 
valuable aid  in  considering  the  relationships  between  water  content, 
sample  weight  and  drying  time. 
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I.       INTRODUCTION 

A.  GENERAL 

The  testing  procedures  for  the  drying  of  terrestrial  soils  have 
been  in  existence  for  some  time.      However,    it  wasn't  until  1963 
that  the  final  form  of  these  procedures  was  adopted  by  the  American 
Society  for  Testing  and  Materials   (1964).      Lack  of  standardized 
procedures  in  marine  sedimentology  has  resulted  in  the  adoption 
of  the  procedures  commonly  used  in  the  water  content  studies  for 
soils.     Accordingly,    the  purpose  of  this  study  is  to  explore  the 
universally  accepted  drying  temperature  of  110  _  5°C  (230  Z.  9°F) 
in  hopes  of  answering  the  question,    "What  is  the  best  temperature 
to  use  in  the  drying  of  marine  sediments?"    In  addition,    an  in- 
vestigation of  the  variability  of  water  content  with  parameters   such 
as  drying  temperature  and  sample  weight  is  considered. 

B.  SCOPE  OF  STUDY 

The  subsequent  study  of  drying  temperature  was  limited  to 
the  temperature  range  of  from  90  to   170°C.     In  all,    six  sediments 
were  tested  over  this  temperature  range.     Grain  size  analyses 
and  organic  carbon  determinations  were  conducted  mainly  to  classify 
the  sediments  according  to  the  Wentworth  Scale.     X-ray  diffraction 
was  utilized  to  better  define  the  composition  of  the  finer  constituents. 
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C.  SUMMARY  OF  PREVIOUS  WORK 

As  mentioned  previously,    ASTM  contains  the  now  well  accepted 
procedures  for  testing  soils,      Briefly  it  is  indicated  that  soils  ob- 
tained from  the  field  will  be  oven  dried  at  either  60    C  (140    F)  or 
1 1  0  Z.  5°C  (230  i  9°F)  for  a  period  of  12  hours  or  until  a  constant 
weight  between  successive  weighings  is  achieved.      That  is,    if  one 
is  concerned  with  the  drying  of  organic  soils  (soils  containing  more 
than  about  4%  organic  carbon  by  weight),    the  lower  temperature  of 
60    C  should  be  used.      Otherwise  a  drying  temperature  of  1 1 0  —  5    C 
is  to  be  employed,      These  standards  apply  to  the  drying  of  soils 
for  most  of  the  standard  engineering  tests  normally  conducted.      The 
more  common  tests  normally  conducted  include  grain  size  analysis, 
moisture  or  water  content  determination,    and  specific  gravity 
measurement. 

Especially  of  notable  interest  is  the  work  of  Lambe  (1951). 
Again  a  controlled  constant  temperature  of  110    C  is  suggested. 
However,    the  author  is  quick  to  note  that  there  is  nothing  binding 
about  110    C  which  makes  its   selection  as  a  drying  temperature 
scientific.      Lambe  (1949)  showed  this  in  an  earlier  work  where  he 
plotted  water  content  against  drying  temperature  for  five  soils  of 
extremely  different  structural  characteristics,      In  all  cases  the 
water  content  was  found  to  increase  steadily  with  increase  in  drying 
temperature.      The  highly  plastic  soils  such  as   Mexico  City  Clay 
and  diatomaceous  earth  showed  a  rapid  increase  in  water  content 
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with  the  increase  in  drying  temperatures  for  temperatures  greater 
than  140°C.      In  contrast  the  Ottawa  sand  and  the  comparatively 
non-plastic  Boston  blue  clay  showed  little  increase  in  water  content 
with  increasing  drying  temperature  over  the  entire  temperature 
range  of  60  to  200    C.      Lambe  further  asks,    "Just  how  'dry'  is  a 
dry  soil?"     Most  engineering  specifications  define  dry  weight  of 
a  soil  as  that  weight  obtained  by  heating  the  soil  at  1 1  0    C  until 
the  weight  reaches  a  constant  value.      The  absorbed  layer  of  water 
(hygroscopic  water)  surrounding  finer  grained  soil  constituents 
can  be  driven  off  only  at  temperatures  much  greater  than  110    C. 
The  majority  of  the  water  absorbed  by  a  soil  is,    however,    inter- 
stitial and  may  be  successfully  driven  off  by  heating  at  a  tempera- 
ture of  110°C. 

Unfortunately  no  published  definitive  procedures  exist  for  the 
oven  drying  of  marine  sediments.     Apparently  the  studies  to  date 
have  been  conducted  utilizing  the  accepted  drying  temperature 
procedures  for  terrestrial  soils.      For  example,    Richards  and 
Keller  (1962)  studied  the  variance  of  water  content  with  depth  of  a 
long  core  taken  off  the  coast  of  Nova  Scotia  employing  the  standard 
controlled  drying  temperature  of  110    C.     Since  questions  have 
been  raised  by  at  least  one  investigator  concerning  the  best  drying 
temperature  for  terrestrial  soils,    the  present  acceptance  of  the 
110    C  standard  must  also  be  questioned  for  the  drying  of  marine 
sediments. 
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II.   PROCEDURE 

A.   COLLECTION  AND  STOWAGE  OF  SAMPLES 

A  total  of  six  samples  were  collected  from  four  differing 
marine  environments.      The  first  two  samples  studied  were  in- 
herited from  a  former  student  of  the  Naval  Postgraduate  School, 
Lieutenant  R.    A.    ErchuL      Lieutenant  Erchul  collected  these 
samples  in  a  lagoon  at  Seal  Beach  near  Long  Eeach  in  southern 
California.      The  location  of  these  samples  as  well  as  the  location 
of  the  four  remaining  samples  discussed  below  are   given  in  Figures 
1  through  3.      The  area  of  the  lagoon  sampled  remains  continuously- 
submerged  although  the  lagoon  itself  is   subjected  to  tidal  move- 
ments.     These  samples  were  stowed  at  room  temperature  in  five 
gallon  plastic  containers  in  order  to  avoid  the  introduction  of 
foreign  material  from  oxidation  of  the  container.      For  identification 
purposes  these  two  samples  were  designated  Seal  Beach  No.    1  and 
Seal  Beach  No.    2. 

Two  of  the  remaining  samples  studied  were  obtained  by  the 
author  in  the  upper  end  of  Elkhorn  Slough,    near  Moss  Landing  in 
central  California.      The  area  sampled  is  typical  of  many  estuarine 
environments.      It  has  a  fresh  water  source,    Elkhorn  Creek,    flow- 
ing into  the  estuary  from  the  east.      Typically,    the  water  level  of 
the  slough  is  controlled  exclusively  by  the  influence  of  the  tides. 
Elkhorn  Creek  contributes  little  fresh  water  to  the   slough  much  of 
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Figure  2.       Location  of  Elkhorn  Slough  Samples 
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the  year  with  the  notable  exception  of  the  release  of  runoff  from 
adjacent  farm  lands  during  periods  of  heavy  winter  rains.      The 
sampling  area  remains  continuously  submerged  except  during 
minus  tides  of  less  than  -1.  5  ft.      These  brief  exposed  periods  occur 
only  during  spring  tides  or  about  12  times  per  year.     Salinity  of 
the  water  in  the  upper  end  of  the   slough  is  essentially  the  same  as 
that  of  the  sea  water  immediately  seaward  thus  insuring  that  this 
sediment  is  truly  marine  in  nature.      These  samples  were  desig- 
nated Elkhorn  No.    1  and  Elkhorn  No.    2  and  stowed  at  room  tem- 
perature in  one  gallon  plastic  containers. 

The  fifth  sample  was  obtained  from  the  floor  of  Monterey 
submarine  canyon  in  approximately  1060  meters  of  water.     An 
Onorati  gravity  corer  with  a  four  inch  diameter   sampling  tube  was 
employed,    utilizing  the  Naval  Postgraduate  School's  oceanographic 
research  vessel.     A  short  core,    approximately  one  foot  in  depth, 
was  obtained  and  similarly  placed  in  a  one  gallon  plastic  container, 
insuring  that  about  one  inch  of  in  situ  sea  water  covered  the   sur- 
face of  the   stowed  sediment.     A  short  core  was  necessary  to 
eliminate,    or  at  least  to  minimize,    the  variation  of  water  content 
with  core  length  since  this  aspect  was  not  considered  in  this  study. 

An  area  of  Monterey  Bay  near  the   seaward  end  of  the  outer 
boat  channel  leading  to  Monterey  Harbor  was   selected  for  the  sixth 
sample.     Again  the  School's  oceanographic  research  vessel  was 
utilized,    only  this  time  a  Smith- MacEntyre  grab-type  bottom 
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sampler  was  used  to  obtain  the  desired  sample.      This  particular 
sampler  was  used  in  that  it  sacrifices  vertical  sample  depth  in 
lieu  of  lateral  extent.      That  is,    a  hemispherical  shaped  sample 
having  a  surface  area  approximating  12  x  12  inches  and  having  a 
maximum  depth  of  8  inches  is  obtained.      Using  this  device,    a  suit- 
able sample  was  obtained  from  a  depth  of  68  meters  at  a  position 
immediately  seaward  of  Buoy  B  (Figure  3).      This  sample  again 
was  stowed  in  a  manner  similar  to  the  previous   samples.      Since 
biological  activity  was  not  of  interest. stowing  the  samples  at 
room  temperature  proved  to  be  sufficient. 

B.      EQUIPMENT  USED 

The  equipment  used  in  the  oven  drying  of  the  sediment  samples 

consisted  of  a  forced-air  circulation  oven,    an  analytical  beam 

balance,    and  aluminum  alloy  drying  tins.      The  characteristics  and 

limitations  of  the  basic  components  are  listed  as  follows. 

1 .      Forced-air  Circulation  Oven 

Manufacturer  and  Model  Number:     Central  Scientific 

Company,    Model  No.    95379. 

Dimensions  (inside):     width,    16  inches;  depth,    15  inches; 

height,     19  inches. 

Temperature  Range:     60  -  260    C 

Control  Sensitivity:      _  0.  5    C 

Temperature  Uniformity:     at  100°C,    _  1.  0°C; 

at  175°C,   ±  1.  5°C 
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The  oven  is  of  double-wall  construction  with  inner  and  outer  walls 
separated  by  three  inches  of  glass-wool  insulation.     A  variable 
thermostat  was  used  to  control  the  inside  air  temperature.     An 
inversion  type  thermometer  was  used  to  indicate  the  temperature 
at  a  particular  drying  level  within  the  oven. 

2.  Analytical  Balance 

Manufacturer  and  Model  Number:     Mettle r  Instrument 
Corporation,    Model  No.    H6T  Digital 

Range:     0  -   160  g 

Precision  (standard  deviation):    _  0.  05  mg 

Reliability:     0.  1  mg 
The  balance  is  the  beam  type  with  symmetrical  air  damping  and 
has  a  chrome-nickel- steel  weighing  pan. 

3.  Drying  Tins 

Size  and  description:     The  drying  tins  used  were  of  0.  04 
inch  aluminum  alloy  construction  measuring  1.  95  inches  inside 
diameter  and  0.  90  inches  in  height  (without  lid). 

C.       DRYING  PROCEDURES 

The  aforementioned  six  samples  were  sub- sampled  and  oven 

dried  at  10°C  increments  over  a  range  from  90  to  170    C.      Four 

sub-samples  of  randomly  varying  weight  between  20  and  50  grams 

were  taken  of  each  sediment  for  each  of  the  ten  degree  temperature 

increments.      Detailed  procedures  of  the  drying  process  follow. 
The  drying  tins  were  initially  weighed  on  the  analytical  balance  and 
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their  respective  weights   recorded  on  the  Water  Content  Data 
Sheets,    (Figure  4).      In  each  tin  was  placed  a  random  amount  of 
sediment  taken  from  the  plastic  stowage  container.      The  tins.were 
again  weighed  with  the  results   recorded  on  the  appropriate  data 
sheet.      During  this  time  the  oven  was  energized  and  had  settled 
out  at  the  predetermined  drying  temperature.      When  the  oven  had 
reached  the  desired  temperature,    plus  approximately  4°C  to  com- 
pensate for  a  temperature  drop  due  to  the  insertion  of  the  samples, 
the  tins  were  placed  in  the  oven  on  the   same  level  as  the  sensing 
tip  of  the  inversion  thermometer. 

All  experiments   subsequently  conducted  included  the  placing 
of  the   sub-samples  at  the  same  predetermined  level  within  the 
oven.      This  procedure  was  adopted  to  eliminate  a  possible  tem- 
perature variability  within  the  oven  chamber.     Additionally,    the 
sensitivity  and  temperature  uniformity  within  the  oven  with  the 
thermometer  set  at  different  heights,    was   checked  through  the  use 
of  a  highly  sensitive  potentiometer.     A  depth  of  9-  5  inches  from 
the  inside  top  of  the  oven  was  adopted  for  all  tests  conducted.      This 
height  was  chosen  because  the  results  obtained  using  the  independent 
temperature  measuring  device  agreed  most  favorably  with  the 
manufacturer's   specifications. 

The  first  two  hours  of  the  drying  period  proved  the  most 
critical  as  to  temperature  fluctuation  and  regulation.     As  mentioned 
previously,    the  setting  of  the  oven  at  a  temperature  about  4°C 
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above  the  desired  drying  temperature  to  compensate  for  the  in- 
troduction of  eight  sub- samples  appeared  satisfactory.      For 
example,    if  a  drying  temperature  of  100    C  was  desired,    the  oven 
was  preheated  to  a  temperature  of  104°C.      Since  most  of  the 
interstitial  water  is  driven  off  in  the  first  two  hours,    it  was  neces- 
sary to  periodically  check  and  correct  the  drying  temperature  by 
using  the  external  thermostatic  control  on  the  oven.      Checking 
the  temperature  every  fifteen  minutes  and  correcting  for  tempera- 
ture fluctuation  as  necessary  generally  proved  to  be  sufficient. 
The  higher  drying  temperatures  (150  to  170    C)  necessitated  ten 
minute  checks,    however,    since  most  of  the  interstitial  water  is 
driven  off  in  the  first  hour  for  this  temperature   range.      The  drying 
temperature  was  found  to  fluctuate  very  little  after  the  first  two 
hour  period. 

Lacking  a  definitive  procedure  concerning  the  periodic  weighing 
of  the  hot  sediment  samples,    a  minimum  period  between  successive 
weighings  of  one  hour  was  adopted.      Half-hour  increments  were 
attempted  but  it  was  found  that  the  oven  maintained  a  steady  tem- 
perature for  only  about  2  0  minutes  of  the  3  0  minute  interval.      For 
lower  drying  temperatures,    a  two  hour  increment  was  found  to  be 
sufficient.      Wherever  possible,    however,    the  one  hour  period  was 
adhered  to  as  this   shorter  time  increment  made  it  considerably 
easier  to  comprehend  the   relationship  between  water  content  and 
elapsed  time. 
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An  important  aspect  that  had  to  be  considered  was  the  actual 
weighing  of  the  hot  samples.      Obviously  the  covering  of  the  hot  tins 
with  the  tin  lids  and  the   subsequent  placing  of  the  samples  in  a 
desiccator  to  be  cooled  to  room  temperature  before  weighing  was 
not  consistent  with  this  study.      Had  this  procedure  been  used,    the 
samples  would  have  been  subjected  to  a  complete  reheating  after 
each  weighing,    which  would  have  added  appreciably  to  the  time 
required  to  dry  each  sample.      Opposed  to  this  well-founded  weighing 
procedure  is  the  controversial  hot  weighing  of  samples.      The  dis- 
advantage of  unsymmetrical  heating  of  the  pan    of  the  analytic 
balance,    introduced  by  the  hot  sample  technique,    is  well  recognized 
( Lambe,  1951).      During  this   study  it  was  found  that  placing  the  first 
hot  sample  on  the  pan  introduced  an  error  of  +  0.  015  g,    the  error 
having  been  ascertained  by  removing  the  hot  sample  from  the 
weighing  pan  and  rebalancing  the   scale.      This  error  was  found  to 
remain  constant  over  the   remaining  sub-sample  weighings.      With 
this  constant  error  established,    results  obtained  using  the  hot 
sample  technique  were  found  to  be  compatible  with  those  obtained 
using  the  standard  desiccator  or  cool  sample  technique. 

Establishment  of  an  end  point  to  the  weighing  process  requires 
defining  the  dry  weight  of  a  sediment  sample.     As  mentioned  earlier, 
sample  dry  weight  is  generally  defined  as  the  weight  achieved  when 
two  successive  weighings  yield  the  same  result.      For  purposes  of 
moisture  content  study,    the  American  Society  for  Testing  and 
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Materials  (1964)  stipulates  that  a  balance   sensitive  to  0.  01  g    is  to 
be  used.      Thus  a  constant  weight  is  achieved  when  two  successive 
readings  are  identical  to  0.  Olg.     A  balance  sensitive  to  0.  00005g 
was  used  in  the  course  of  this  study  with  the   resultant  weighings 
rounded  to  0.  OOlg.     Although  the  established  procedures   requires 
an  accuracy  only  to  a  hundredth,    a  sample  was  considered  to  be 
dry  when  successive  weighings  differed  by  no  more  than  0.  003g. 
If  a  scale  sensitive  only  to  0.  Olg  were  used,    a  difference  of  0.  003g 
would  not  be  apparent.      Thus  the  definition  of  dry  weight  remains 
as  described  by  the  classical  literature,    although  a  slightly  higher 
degree  of  accuracy  was  employed  in  these   studies. 

After  finding  the  dry  weight  of  all  eight  sub- samples,    the  sam- 
ple containers  were  washed  in  tap  water,    carefully  dried,    and  re- 
weighed.      The  reweighing  of  the  tins  after  each  washing  was  deemed 
necessary  to  eliminate  the  effect  of  corrosion  and  subsequent  weight 
loss  of  the  tins.     Although  the  average  weight  loss  per  test  was 
insignificant,    i.  e.  ,    -   0.  0003g,    its  cumulative  effect  is  significant. 
That  is,    the  tin  may  loose  as  much  as   0.  OlOg  after  some  thirty  uses. 

D.      X-RAY  DIFFRACTION 

In  the  past,    use  of  the  X-ray  diffractometer  has  proven  to  be 
valuable  for  identification  of  the  constituents  of  finer  grained 
marine  sediments.      In  this   study  it  was  deemed  important  to  deter- 
mine if  these  fine  grained  sediments  were  clay-sized  clastic  mineral 
components  or  of  true  clay  mineral  composition. 
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1 .  Equipment  Used 

a.     X-ray  Diffractometer,    Data  Controler  and  Processor: 

X-ray  Tube:     Copper  target;  maximum  voltage,    50  KV; 

a 
maximum  amperage,    40  ma;  K«x     ,    1.  54178  A;  Ka       ,    1.  39217  A. 

Goniometer  Scanning  Unit:     Nickel  filter. 

Manufacturer:     North  American  Phillips  Company 

(Norelco);   Model  No.    10243. 

b.      Calibration: 

Silicon  Powder  Standard 

2.  Procedure 

Slides  of  the   six  sediments  were  prepared  and  analyzed 
using  the  Naval  Postgraduate  School's  X-ray  diffraction  equipment. 
Initially  a  slide  containing  the  manufacturer's  silicon  powder 
standard  was  run  to  check  the  alignment  of  the  scanning  unit.     Each 
of  the   specially  prepared  blank  aluminum  holders  was  then  loaded 
with  untreated  wet  sample  and  singularly  inserted  in  the   scanning 
unit  holder.     A  scanning  rate  of  two  degrees  per  minute  over  a 
range  of  from  four  to  sixty  degrees  was  used  throughout  the  analysis. 

E.       GRAIN  SIZE  ANALYSIS  AND  ORGANIC  CARBON  DETERMINATION 

Grain  size  analyses  and  organic  carbon  determinations  were 
conducted  on  each  of  the  six  sediments  by  the  Naval  Civil  Engine- 
ering Laboratory  (NCEL)  at  Port  Hueneme,    California.     The  grain 
size  distribution  permits  a  classification  of  the   sediment  in  terms 
of  the  sand-silt-clay  ratio.      The  organic  carbon  test,    which  in 
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actuality  is  a  by-product  of  the  carbonate  carbon  test,    gives  the 
amount  of  organic  matter  present  expressed  as  a  percentage  of 
the  sample  dry  weight. 

The  equipment  and  procedures  used  in  the  grain  size  analyses 
follow  the  specifications  delineated  by  the  ASTM  (1964).      A  standard 
set  of  square  mesh  sieves  was  used  to  classify  the  sand  fraction. 
The  finer  silt- clay  fraction,    collected  on  the  bottom  pan  of  the 
sieve  set,    was  subjected  to  the  hydrometer  test.      This  procedure 
utilized  a  standardized  Baume  hydrometer  which  was  read  at  desig- 
nated time  intervals.      The  data  obtained  was  then  introduced  into 
the  computer  program  developed  by  M.    Hironaka  (1968).      The  out- 
put automatically  plotted  grain  size  distribution  curves  (Figures 
25  through  30). 

The  organic  carbon  content  is  obtained  together  with  the  carbon- 
ate carbon  analysis.      The  carbon  fraction  of  a  sediment  sample  is 
composed  of  the  carbonate  carbon  fraction  and  the  organic  carbon 
fraction.     A  sample  containing  the  total  carbon  fraction  and  the 
necessary  reagents  and  catalysts  is  first  introduced  into  the  LECO 
carbon  determination  appraratus,    oxidized  by  heating  in  a  stream 
of  oxygen,    and  the  total  carbon  content  obtained  by  measurement  of 
the  gas  volume  produced.     A  second  cut  of  the  same   raw  sample 
is  then  mildly  heated  in  dilute  hydrochloric  acid  in  order  to  remove 
the  carbonate  content.      This  second  sample  is  then  rerun  and  the 
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non- carbonate  carbon  content  is  obtained.      The  three  volumes 
therefore  available  are  the  total  carbon,    the  organic  carbon,    and 
the  carbonate  carbon  volumes. 
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III.      RESULTS 


A.       DATA  COMPUTATION 

After  several  revisions  the  final  form  of  the  data  sheet  was 
adopted  as  shown  in  Figure  4.      The  title  block  of  this   sheet  lists 
pertinent  information  pertaining  to  the  identification  of  the  sediment, 
drying  temperature  used,    sample  number  of  the   sediment  and  the 
date  and  starting  time  of  the  drying  test.      The  second  line  lists 
the  dish  numbers  used.      Where  two  sediments  were  dried  simul- 
taneously the  first  four  dish  numbers  (dishes   1  through  4)  were 
used  exclusively  for  the  first  sediment  listed  in  the  title  block. 
Dishes  5  through  8  were  used  for  the  second  sediment.      The  weight 
of  the  tin  and  the  wet  sediment  appear  on  the  next  line.      This  line 
further  serves  as  the  title  head  for  the  eight  columns  W.  C.  /N.  W. 
Here  N.  W.    stands  for  normalized  water  content  while  W.  C.    is 
the  water  content  given  by  equation  (1).      Significant  line  headings 
were  given  numerical  prefixes  for  ease  of  following  through  with 
the  water  content  computations,    i.  e.  ,    Wt.    of  Dish  +  Wet  Sed.    is 
prefixed  by  the  numerical  designator  (T)     .      The  column  headings 
for  the  weighing  number  and  the  time  of  the  weighing  appear  im- 
mediately beneath  line     (T)     •      Line     ©     gives  the  weight  of  the  tin 
(dish)  and  the  dry  sediment,      The  weight  of  the  empty  tin  as  meas- 
ured at  the  beginning  of  the  test  appears  on  line     (3)     .      The  weight 
of  water,    line       (4)     ,    is  the  difference  between  the  weight  of  the 
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tin  plus  the  wet  sediment  and  the  weight  of  the  tin  plus  the  dry- 
sediment.      The  weight  of  the  dry  sediment  line     (5)     ,    is  given  by 
the  difference  between  the  quantities  in  lines     (2)     and     (3)     .      The 
final  water  content  is   shown  on  line     (5)     ,    the  last  line  on  the  sheet. 

B.       WATER  CONTENT  DEFINED 

Classically,    two  well-known  but  differing  concepts  exist  for 
the   reporting  of  moisture  content  or  water  content,    the  terms  being 
synonymous.      The  more  commonly  used  of  the  definitions  is  that 
of  the  soil  scientist.      Basically  then,    water  content  is  given  by  the 
ratio  of  the  weight  of  water  driven  off  from  a  given  sample  divided 
by  the  weight  of  the   remaining  dry  soil  (sediment).      This   ratio  is 
then  multiplied  by  100,    since  this  parameter  normally  appears  as 
a  percentage.      Mathematically  this  relationship  is  given  by: 

W.  C.      =     Weight  of  water  Wc     -     W^ 

± — s — .   r?     , r~     "    — V-     x  100%  (M 

Dry  weight  of  soil  w        -     W 

where: 

W.  C.  =  water  content,    in  percentage 

W„  =  weight  of  container  and  moist  sediment,    in  grams 

Wn  =  weight  of  container  and  dry  sediment,    in  grams 

Wq  =  weight  of  container,    in  grams 

The  geologist's  concept  of  water  content  is  given  by  a  similar  rela- 
tionship wherein  the  denominator  of  the  ratio  is  the  weight  of  the 
wet  sediment,    or  mathematically: 
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tit    n       _      Weight  of  water  W_     -     W„ 

w-u-     ~ =     — S 2_     x  100%  (2) 

Wet  weight  of  soil  W„     -     W r 

where  the  quantities  are  the  same  as  those  given  for  equation  (1). 
The  soil  scientist  thus  allows  for  water  contents  in  excess  of  100% 
while  the  geologist's  concept  restricts  the  maximum  value  for 
water  content  to  100%.      For  some  applications  the  first  of  these 
two  relationships  is  easier  to  use  in  that  the  denominator  of  dry 
weight  of  soil  is  a  constant  value,    whereas  the  wet  weight  of  soil 
is  a  non-fixed  sum. 

C.       NORMALIZED  WATER  CONTENT 

It  is  often  advantageous  to  normalize  data  in  order  to  minimize 
the  effect  of  the  uncontrolled  variability  of  some  of  the  inputs.     A 
similar  problem  exists  with  the  analysis  of  water  content  studies. 
That  is,    a  way  to  minimize  the  variance  of  sediment  composition 
and  void  structure  must  be  devised  if  meaningful  interpretations 
are  to  be  obtained.      The  parameter  of  normalized  water  content 
has  therefore  been  introduced  and  defined  as  the  ratio  of  the  water 
content  at  any  given  time  divided  by  the  final  water  content.      The 
definition  of  water  content  as  used  by  the  soil  scientist  and  as  in- 
dicated by  the  American  Society  of  Testing  and  Materials,    equation 
(1),    has  been  used  exclusively  in  this  study.      Mathematically, 
normalized  water  content  is  expressed  by  the  relationship: 

N.W.       =        W-C"(t)  (3) 

w  c. 
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where 

N.  W.  =  normalized  water  content  (dimensionless) 

W.  C.  ,{)  ~  water  content  at  a  given  time,    in  percentage 

W.  C.  =  final  water  content,    in  percentage 

The  advantage  of  this  concept  is  shown  in  the  following  discussion 
of  the   relationship  between  normalized  water  content  and  drying 
time. 

D.       DATA  REDUCTION 

1 .      Water   Content  versus   Drying  Time 

Four  different  methods  of  organizing  the  data  were  con- 
sidered.     In  that  a  primary  consideration  of  this  effort  was  the   study 
of  the  90-170    C  temperature   range  in  the  hopes  of  reducing  drying 
time,    the  first  relationship  dealt  with  was  that  of  the  water  content 
versus  drying  time.     A  typical  representation  of  this  relationship  is 
shown  by  Figure  5.      From  this  data  as  presented  it  is  difficult  to 
determine  a  drying  time  to  correspond  with  a  drying  temperature. 
For  purposes  of  this  consideration  and  the  relationships  that  follow, 
the  data  is  grouped  conveniently  into  two  distinct  groups  according 
to  weight:     28  Z  2g  and  38  Z  2g.      Hourly  entries,    therefore,    appear 
in  the  N.  W.  /W.  C.    column  of  the  data  sheets  of  the  appendix  only 
where  the  data  corresponds  to  the  above  grouping  scheme.     Although 
sample  weight  remains  within  a  well-defined  range,    38  Z  2  g  in 
the  case  shown  in  Figure   5,    the  three  variables  of  water  content, 


32 


I 

1 


o 

o 

nJ 
o> 

i—i 

0) 

w 

o 


00 

a 

•r-l 

Q 

CD 

> 

-4-> 

c 

<u 

J-> 

0 

o 

u 

CD 
■M 


ID 

CU 

u 

a 

00 

•iH 


(%)  ?v^vc0  v9^D/if} 


33 


drying  time,    and  drying  temperature  still  exist.      One  of  these 
variables  must  therefore  be  normalized  in  order  to  obtain  a  rela- 
tionship in  terms  of  the  other  two. 

2.  Normalized  Water  Content  Versus  Drying  Time 

The  normalized  water  content  concept  introduced  earlier 
represents  the  water  content  at  any  time  divided  by  the  final  total 
water  content.      Plots  of  normalized  water  content  versus  drying 
time  are   shown  by  Figures  6  through  11.      Two  variables,    drying 
time  and  drying  temperature,    are  therefore  represented  at  the 
expense  of  restricting  the  variables  of  sample  weight  by  using  a 
weight  grouping  scheme  and  water  content  through  the  use  of  the 
normalization  technique.      It  is  readily  seen  from  such  a  plot  that 
the  drying  time  is   reduced  considerably  by  increasing  the  drying 
temperature.     A  similar  correlation  is  drawn  for  each  group  of 
four  sub-samples  at  each  drying  temperature  considered  in  this 
study.      Figures   12  and  13  show  the  reduction  in  drying  time  with 
decrease  in  sample  weight  for  a  given  drying  temperature.      The 
drying  temperature  and  water  content  are  therefore  restricted  in 
order  that  a  relationship  expressing  drying  time  as  a  function  of 
sample  weight  can  be   shown. 

3.  Comparison  of  Water  Content  and  Drying  Temperature 

Lambe  (1949)  applied  the  relationships  between  water  con- 
tent and  drying  temperature  to  demonstrate  that  there  is  no 
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justification  to  accepting  a  drying  temperature  of  110  Z  5°C  for 
terrestrial  soils.      This  approach  is  now  extended  to  marine   sedi- 
ments.    Again  the  two  distinct  sample  weight  groups  mentioned 
earlier  are  considered.      Composite  line  graphs  for  the  two  weight 
groups  showing  the  relationship  between  water  content  and  drying 
temperature  for  the  six  sediments  studied  are  shown  in  Figures   14 
and  15.     Each  data  point  represents  the  water  content  for  a  given 
sediment  at  a  given  drying  temperature  within  the  temperature 
range  considered.      For  purposes  of  clarity  and  to  show  the  correla- 
tion between  the  two  weight  groups  concerning  the  relationship  be- 
tween water  content  and  drying  temperature,    Figures   16  through 
18  are  plotted,      These  figures  show  that  the  behavior  of  water  con- 
tent with  drying  temperature  is  similar  for  the  two  sample  weights 
considered.     A  few  large  differences  in  the  value  of  water  content 
obtained  at  a  given  temperature  are  readily  seen,    however.      Figure 
15,    for  example,    shows  the  radically  differing  values  of  water  content 
obtained  for  the  two  weight  groups  in  the  drying  temperature  range 
of  130  to  150°C  for  Elkhorn  No.    2,      If  a  large  enough  group  of 
samples  were  considered  for  each  weight  group  these  extremes 
would  probably  be  reduced  such  that  a  true  general  trend  could  be 
drawn  for  this  relationship. 

The  maximum  values  of  water  content  appear  to  occur  at  ran- 
domly differing  drying  temperatures  for  each  of  the  sediments.     This 
fact  is  not  easily  explained  since  Lambe  found  that  the  value  obtained 
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for  water  content  increased  steadily  with  increase  in  the  drying  tem- 
perature.    Again  the   relationship  between  the  sediment  structure 
and  soluble  salts  appears  to  influence  the  value  of  water  content 
obtained.      This  aspect  is  not  completely  understood  although  several 
investigators,    namely  Sullivan  (1939)  and  Tschebotorioff  (1955), 
have  shown  that  certain  ions  such  as  Na+  tend  to  form  a  thick  film 
of  absorbed  water  around  soil  crystals.     Since  sea  water  has 
NaCl  as  its  principal  salt,    the  water  content  of  a  marine  sediment 
is  likely  to  be  higher  than  that  of  a  similarly  structured  terrestrial 
soil. 

The  above  phenomenon  accounts  for  the  high  water  content  of 
marine  sediments,    but  does  not  satisfactorily  explain  the  random 
behavior  concerning  the  relationship  between  water  content  and 
drying  temperature.      The  change  in  the  chemistry  and  mineralogy 
that  apparently  occurs  within  a  sediment  when  subjected  to  different 
drying  temperatures  is  not  clearly  understood.      The  temperature 
dependent  drying  process  possibly  permits  the  exchange  of  certain 
ions  within  the  sediment  structure  that  would  not  occur  under 
natural  conditions.      Grim  (1962)  has  shown  that  the  pbstic  clays  such 
as  montmorillonite  and  illite  are  most  succeptable  to  ionic  changes 
within  their  structure.      Thus  no  satisfactory  explanation  as  to  the 
sporadic  behavior  of  marine  sediments  when  subjected  to  oven 
drying  can  be  drawn  from  this   consideration. 


49 


4.       Water  Content  Versus  Sample  Weight 

The  final  relationship  considered  was  that  of  water  content 
versus  sample  weight,     A  fairly  large  scattering  of  data  points  was 
obtained  for  this  relationship.     A  straight  least  square  regression 
line  was  fitted  to  the  data  as  shown  in  Figures  19  through  24.      These 
lines  were  determined  by  solving  the  following  pair  of  simultaneous 
normal  equations: 


Y      =      a    N  +  a,    Hx 
o  1 


XY     =      aQ  Lx  +    a Tx' 


(4) 


where 

X    =  sample  weight 

Y    =  water  content 

N    =  number  of  data  points 

a      =     Y  -  intercept 
o 

ai     -     slope  of  the  straight  line 

By  tabulating  and  summing  the  individual  quantities  X,    Y,    XY,    and 
X2  the  desired  quantities,     JZ  X,      E  Y,    IlXY,      ZJX2  of  Table   1 
were  determined.     Substituting  these  results  in  equation  (4)  and 
solving  the  pair  of  normal  equations   simultaneously  yielded  an 
equation  for  the  least  square  regression  line  of  the  form: 

Y    =    a       +    a,     X  (5) 

o  1 

where 

X,    Y,    a     and  a^  are  as  given  for  equation  (4). 
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Figure   19.       Water  Content  vs  Sample  Weight 
for  Seal  Beach  No.    1 
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Figure  20.       Water  Content  vs  Sample  Weight 
for  Seal  Beach  No.    2 
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Figure  21.       Water  Content  vs  Sample  Weight 
for  Elkhorn  No.    1 
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Figure  22.       Water  Content  vs  Sample  Weight 
for  Elkhorn  No.    2 
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Figure  23.       Water  Content  vs  Sample  Weight 
for  Monterey  Canyon 
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Figure 


24.       Water  Content  vs  Sample  Weight  for  Buoy  B 


56 


<}-      <>       <J»      <J-       <J-        ^v.        Q«, 

§  ^  i  te$  ^  &  ^ 

O-   Oo     <5      <\) 


I"  §  3  §  §  r  f^ 


oq     K    O     O    CN    O    Oq     ^•C^O'Nj 


I 


8  ^  « ^$8  5 S fi 


•    -5    O-    -^    <9    • 


^ 


O- 


81 


vO-    O-    O^  <1-     >     >     O     Q    >    <h    <h     (>>v>QsO"2-     >     ^<h 


fe 

^ 


^^^^^^^^-5.51^^^^^^^ 


i     5  S  S"  8  ^o 

^     JO  ^  »    »   > 


«  8$ 


s5  R}^  c^*^  ^r^^v^^Rr^^^^ 


N 
v: 


<f    iAU>Kts.K.K.NOoQoOo    O.   O**   O*   Q>    <3    °J    ^\J 


PI 

o 

•r-l 

C 

•  r-l 

B 

u 

Q 

a 
•i-i 

o 

•iH 

w 
m 

<V 

u 

<L> 
PC| 

CD 
U 

cr 

CO 

4-1 

to 
n> 

<L> 

O 
m 

to 

<D 

i— i 

pQ 
rt 

•r-l 
r-l 

> 

0 

n 
o 


rQ 
H 


Rj^^^^^^RrRrSr^^^^^^^ 


57 


Least  Square  Regression  Line  is  given  by: 
Y    =    a^N  +  ai    L  X 


XY    =    a 


Tx    +    a,     Ix 
o  l 


2 


(3697  =  36a   +  1305a,)  36.25 
133302  =  I305a„  +  50215a, 


134016  = 

1305a 

+  47306a 

-133302  = 

=  -1305a 

-  50215a 

814  =  -   2909a1     or  a,=  -814  =  -  0. 280 


2909 


133302     =     1305aQ  +  50215  (-0. 280) 


ora     =  133302  +  14060  =  147362  =  113. 00 
o      

1305  1305 

Y    =     -0.  280X  +  113.  00 


Correlation  Coefficient  is  given  by: 
n  Exy    -    (  LX)(  LY) 


{[nHx2  -  (  Ix)2]  [nIy2  -(  lY)2fz 

36(133302)  -  (1305)  (3697) 
£[36(50215)  -  (1305)2]  [36(384079)  -  (3697)2]^ 

4,  798,  872  -  4,  824,  585 

ftl,  807,  740  -   1,  703,  025]  [13,  826,  844  -   13,  667,  509]?? 

-25,  713 

ftl04,  715]  [159,  035]^V2 

-25,  713 


(16,  653,  350,  025)^2. 

-25,  713 

-0.  199 


129, 100 


Table  2.       Least  square  regression  line  and  correlation 
coefficient  determined. 
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A  least  square   regression  line  then  was  determined  for  the   relation- 
ship in  question  for  each  of  the  six  sediments  analyzed. 

A  measure  of  how  well  such  a  straight  line  relationship  fits  a 
given  set  of  data  is  expressed  by  the  correlation  coefficient.      Using 
the  short  computational  formula  of  Spiegel  (1961),    the  correlation 
coefficient  r  is  given  by: 

r    -     N    XTXY  -([X)(IY) (6) 

'  [n  X7xz  -  (   H  x)2]  [nLy2-(  r  Y)c] 

where  the  variables  are  as  defined  for  equation  (4).      The  correlation 
coefficient  was  determined  to  check  the  validity  of  the  least  square 
regression  line   representation  for  the  indicated  relationship.      This 
coefficient  was  found  to  vary  from  a  high  of  -0.  786  to  a  low  of 
-0.  051.      While  the  straight  line  relationship  appears  to  fit  the  data 
quite  well  for  several  of  the  cases,    it  is  inadequate  for  the  others. 
It  is  unlikely  that  a  second  or  third  degree  least  square  polynomial 
would  fit  the  given  data  any  better  than  the  straight  line  relationship. 
This  fact  may  be  surmised  from  the  discussion  of  the  previous 
section  where  the  role  of  the  base  exchange  of  ions  was  felt  to 
control  to  some  degree  the  water  content  of  a  given  sub- sample. 
The  treatment  of  this   relationship  demonstrates  that  water  content 
apparently  decreases  with  increase  in  sample  weight..      Possibly 
the  dissolved  salts  play  an  important  role  here. 
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E.      FINDINGS  OF  GRAIN  SIZE  ANALYSES  AND  CARBON 
DETERMINATIONS 

The  results  of  the  grain  size  analyses  are  expressed  as  a 
function  of  grain  size  in  millimeters  and  percent  of  dry  fraction 
by  weight  as   shown  in  Figures  25  through  30,      These  distribution 
curves  were  then  analyzed  to  give  the  sand-silt-clay  ratio  using 
the  Wentworth  classification  scale  for  demarcation.      The  results 
were  then  plotted  on  the  tertiary  diagram  of  Figure  31  based  on 
the  work  of  Shepard  (1954).      Each  of  the  six  sediment  samples 
was  therefore  classified  according  to  grain  size.      For  example, 
Seal  Beach  No.    1  is  classified  as  a  clayey  silt. 

Findings  of  the  carbon  determinations  are  summarized  in 
Table  3.      The  results  clearly  show  that  organic  matter  was  not 
present  in  a  significant  quantity  in  the  sediment  samples  tested. 
Organic  carbon  was  found  to  be  considerably  higher  in  the  Elkhorn 
No.    2  and  Monterey  Canyon  samples  then  in  the  other  four  sediments 
tested.      The  Elkhorn  sample  was   suspected  of  having  a  higher 
organic  carbon  content  since  it  was  obtained  from  a  calm  portion 
of  the  estuary  that  had  been  collecting  marine  debris  for  some 
time.      Here  bacteria  have  been  permitted  to  act  under  ideal  con- 
ditions  reducing  carbon  particulate  matter  to  clay  and  silt  size 
particles.     A  similar  condition  exists  in  the  portion  of  Monterey 
Canyon  sampled.     Additionally  the  canyon  serves  as  the  collecting 
basin  for  the   results  of  bacterialogical  action  that  occur  in  shallower 
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water.      The  low  concentration  of  carbonate  carbon  possibly  suggests 
that  little  marine  shell  life  exists  in  the  areas  sampled. 

Carbonate             Organic                   Total 
Sediment carbon  (%) carbon  (%) carbon  (  %) 

Seal  Beach  No.  1                  0.17  0.48  0.65 

Seal  Beach  No.  2                  0.20  0.47  0.67 

Elkhorn  No.    1  0.07  0.59  0.66 

Elkhorn  No.    2  0.23  1.54  1.77 


Monterey  Canyon 

0.  52 

1.24 

1.76 

Buoy  B 

0.  11 

0.  35 

0.46 

Table   3.         Results  of  Carbon  Determinations 

F.      RESULTS  OF  X-RAY  DIFFRACTION 

A  trace  was  obtained  for  each  of  the  six  sediments  and  is  shown 
in  Figure  32.      Unfortunately  only  a  few  minerals  could  be  identified. 
Identification  of  the  clay  fraction  was  possible  in  two  of  the   six 
sediments  studied.      This   result  is  not  surprising  since  only  three 
of  the  sediments  contained  a  significant  clay  fraction,    i.  e.  ,    Seal 
Beach  No.    1   and  2  and  Monterey  Canyon  (Figures  25,    26  and  29). 
Table  4,    listing  the  minerals  found  in  each  of  the  samples,    facilitates 
interpretation  of  the  composite  diffractogram.      The  prominent  peaks, 

where  they  first  appear  beginning  with  Seal  Beach  No.    1,    are 

o 
marked  with  the   respective  d-spacing  in  Angstroms  (A)  centered 

over  the  spike.      The  d-spacings  were  found  by  converting  the 

68 


>    ,  .   .   , 


,/;,,^A*>/ 


N^Ljy\Jl-vV^wA^J      «  ^U 


MONTEREV    CANTON 


\,,^UAJU*»^^ 


tllM        ,  !  ) 


■■  .. 


ELRHORN    NO    2 


:*«,vi^'^»lvM^V#^^w*M*w,*,',' 


^^,aX^^^ 


^M*»VwjMSA,«^fc^||^--^ 


ELKHORN    NO    1 


w^<>v\<tMfW*' 


'£m***J****«j>^^  V  W^AwW,.,,,, 


'•    •    **■*******«« 


SEAL   BEACH    NO  2 


«wwW^V/w^^*^^W^«,V'^MHvW, 


.y^w^^^^X^^W^J^^  ^^V^^AWA^wAvV^A^W  /** , 


SEAL    BEACH    NO  1 


*lM*<*W4*fotfi»<M>l^^ 


«)  ST  3E>  «  ^O  3ff  30  2ST  ZO 

DEGREES     -      29 


Figure  32.       Composite  X-ray  Diffractogram 


69 


SEDIMENT 

MINERAL 

d  SPACING  (A) 

REL.    INT.  (I/I   ) 
o 

Kaolinite 

6.  70 

100 

3.  63 

77 

4.  39 

34 

Quartz 

3.  29 

100 

4.  17 

35 

1.81 

17 

Seal  Beach  No.    1 

Apophylite 

3.  95 

100 

2.  93 

80 

1.  54 

80 

Aragonite 

3.46 

100 

3.  18 

52 

Calcite 

3.  15 

100 

2.  11 

18 

Kaolinite 

6.  80 

100 

3.63 

77 

Quartz 

3.29 

100 

4.  11 

35 

1.80 

17 

Seal  Beach  No.    2 

Aragonite 

3.48 

100 

3.21 

52 

Calcite 

3.  14 

100 

2.  26 

18 

2.  10 

18 

Quartz 

3.  30 

100 

4.  17 

35 

1.  81 

17 

Elkhorn  No.    1 

Calcite 

3.  15 

100 

2.  25 

18 

2.  12 

18 
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SEDIMENT  MINERAL         d  SPACING  (A)  REL.    INT.  (l/l0) 


Quartz 


3.  30 

4.  17 
1.  81 


100 
35 

17 


Elkhorn  No.    2 


Calcite 


3.  15 
2.  25 
2.  13 


100 
18 
18 


Apophylite 


3.  90 
2.93 
1.66 


100 
80 
80 


Quartz 


3.  30 

4.  19 
1.  77 


100 
35 
17 


Monterey  Canyon         Calcite 


3.  15 
2.26 
2.  12 


100 
18 
18 


Quartz 


3.  31 

4.  13 
1.  80 


100 
35 
17 


Buoy  B 


Aragonite 


3.40 
1.  97 
3.  24 


100 
65 
52 


Calcite 


3.  13 
2.  25 
2.  15 


100 
18 
18 


Table  4.       Analysis  of  X-ray  Diff ractograms 
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Degrees   -29     readings  to  equivalent  d-spacing  values  by  using  a 
computerized  print  out. 

As  mentioned  above,    a  significant  clay  fraction  was  identified 
in  two  of  the  samples.      The  non-plastic  clay  identified,    kaolinite, 
is  known  to  exist  in  the  Seal  Beach  area.      It  is  not  unlikely  that 
plastic  clays  may  also  exist  in  the  Seal  Beach  samples  and  in  the 
Monterey  Canyon  sample.      Possible  identification  of  these  clay 
constituents  was  undoubtedly  hampered  by  the  presence  of  dominant 
minerals  and  the  organic  carbon  and  carbonate  carbon  fractions. 
Even  if  the  most  elaborate   sample  preparations  are  used,    identifica- 
tion of  montmorillonite  and  illite,    the  most  commonly  found  plastic 
marine  clays,    is  difficult  due  to  the  comparatively  weak  peak 
intensities  given  on  the  diffractogram. 

Worthy  of  mention  was  the  fact  that  the  minerals  quartz  and 
calcite  were  found  in  all  of  the  samples  studied.      This  is  not  sur- 
prising since  these  two  minerals  are  very  common  in  sediments  of 
terriginous  origin.      The  presence  of  aragonite  in  three  of  the  sam- 
ples was  probably  the  result  of  the  decomposition  of  marine   shells. 
In  conclusion  Seal  Beach  No.    1  and  2  are  probably  of  true  clay 
mineral  composition  while  the  Monterey  Canyon  sample  contains 
primarily  clay  sized  clastic  mineral  components. 
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IV.        CONCLUSION 

It  is  possible  to  draw  several  conclusions  from  this   study. 
Based  on  the  findings  of  this  study,    it  is  concluded  that  tempera- 
tures in  the  range  from  130  to   150°C  are  equally  as  acceptable  as 
the  standard  drying  temperature  of  110  i  5°C.      The  advantage  of 
using  a  higher  temperature  is  that  an  appreciable  amount  of  time 
can  be  saved.      It  appears  that  temperatures  in  excess  of  150°C 
do  not  appreciably  further  reduce  the  drying  time.      In  drying  sedi- 
ments containing  appreciable  quantities  of  organic  matter  a  tempera- 
ture less  than  the  boiling  point  of  pure  water  should  be  used.      This 
investigation  confirms  that  there  is  no  necessity  toward  using  a 
temperature  of  110°C  for  the  drying  of  marine  sediments  in  order 
to  secure  satisfactory  results  with  inorganic  sediments. 

The  water  content  of  a  marine  sediment  appears  to  vary  depend- 
ing on  the  drying  temperature  used.      Perhaps  the  dissolved  salt 
content  plays  an  important  role  in  controlling  the  water  content  of 
sediments.      It  is   suspected  that  this  interrelationship  may  be 
especially  true  for  the  fine   grained,    highly  plastic  sediments  such 
as  montmorillonite.     Additionally,    the  water  content  of  a  given 
sample  appears  to  decrease  with  an  increase  in  sample  weight.      Per- 
haps this  also  is  related    to  the  dissolved  salt  content. 

The  concept  of  a  normalized  water  content  proved  to  be  a  valu- 
able aid  in  arriving  at  an  elapsed  time  for  a  given  drying  temperature. 
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This  concept  is  also  useful  in  showing  the   relationship  between 
sample  weight  and  drying  time  for  any  one  drying  temperature.      If 
the  general  nature  of  a  sediment  is  known,    appreciable  time  can 
be  saved  in  the  drying  process  by  consulting  the  family  of  curves 
presented  as  to  the  relationship  between  normalized  water  content, 
sample  weight  and  elapsed  time. 

The  drying  of  sediments  consisting  primarily  of  plastic  clays 
should  be  further  investigated  since  it  is  known  that  such  sediments 
(soils)  break  down  at  a  relatively  low  temperature,      If  drying  tem- 
peratures approaching  the  upper  limit  of  the  temperature  range 
considered  in  this   study  were  used  in  drying  these  clays,    a  greatly 
misleading  value  of  water  content  may  be  subsequently  reported. 
Sediments  containing  mostly  montmorillonite,    for  example,    should 
be  dried  with  caution  if  using  drying  temperatures  exceeding  150    C. 
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V.       SUGGESTED  AREAS  FOR  FUTURE  RESEARCH 

A  fruitful  portion  of  any  noteworthy  research  endeavor  is  the 
recommendation  of  areas  for  future  investigation.      The  following 
thoughts  are  interjected  with  the  hope  of  providing  the  stimulus  for 
future   research  projects, 

A.       DIFFERENTIAL  THERMAL  ANALYSIS 

Differential  thermal  analyses  (DTA)  were  not  made  on  the 
samples  studied  for  reasons  of  non-availability  of  the  necessary 
equipment.      DTA  has  two  distinct  applications  in  the  field  of  marine 
sedimentology.      Of  primary  interest,    perhaps,    is  its  use  in  deter- 
mining the  yield  or  ignition  point  of  sediment  samples.      While 
sediments  high  in  organic  content  have  a  low  yield  point  (usually 
around  100    C)  the  non-plastic  clays  such  as  kaolinite  have  relatively 
high  yield  points  (about  600°C)  (Huber  195  5),      In  conducting  water 
content  studies  at  temperatures  in  excess  of  100°C  it  would  be 
advantageous  to  know  at  what  temperature  the  component  structure 
begins  to  break  down.      This  temperature  would  be  available  from 
DTA  records.      DTA  is  also  of  aid  in  the  identification  of  the  clay 
constituents,     As  was  the  case  for  spectrographic  analysis,    each 
mineral  yields  a  unique  trace,      DTA,    therefore,    could  be  used  in 
conjunction  with  X-ray  diffraction  to  identify  and  classify  the  fine 
grained  sediments  of  Monterey  Bay. 
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B.  CONTINUATION  OF  WATER   CONTENT  STUDIES 

The  study  conducted  here   represents  an  area  where  continued 
investigation  should  be  profitable.      It  would  be  advantageous  to  con- 
centrate such  a  study  on  the  finer  grained  sediments,    particularly 
sediments  containing  a  high  percentage  of  true  clay  particles.      The 
true  clay  sediments  will  likely  take  longer  to  dry  than  ones  of 
higher  clastic  content.      Careful  attention  should  be  devoted  to  the 
sub- sampling  techniques  in  order  to  insure  that  representative 
materials  are  tested.      Useful  results  concerning  the  water  content- 
sample  weight  relationship  could  possibly  be  obtained  by  considering 
four  distinct  sub-sample  weight  groups  of  10,    20,    30,    and  40  grams. 
Sediments  containing  large  amounts  of  organic  matter  should  be 
studied  in  detail. 

C.  X-RAY  DIFFRACTION 

A  joint  study  of  the   sediments  of  Monterey  Bay  as  to  water  con- 
tent and  sediment  structure  would  likely  prove  valuable  toward  better 
understanding  the   role  that  soluable   salts  play  in  controlling  the 
water  content  of  marine   sediments.      Methods  of  sample  preparation 
should  be  exhausted  in  an  effort  to  improve  on  the  difficult  task  of 
identifying  many  of  the  highly  plastic  clays  such  as  montmorillonite. 
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Corrections  Applied  to  Certain  Data  She e t s 


1.       Monterey  Canyon  &   Buoy  B,    Drying  Temperature   =  90°C: 
Scale  out  of  balance  by  -  0.  003g  on  weighing  number  6. 

Sub- sample  dish  number  4  contained  granidorite  pebbles 
sample  rerun  as   shown  in  Table  D. 


2.       Monterey  Canyon  &  Buoy  B,    Drying  Temperature  =  120°C: 
Scale  out  of  balance  by  +  0,  002g  on  weighing  number  4. 


3.       Monterey  Canyon  &   Buoy  B,    Drying  Temperature  =  130°C: 
Scale  out  of  balance  by  +  0,  002g  on  weighing  number  7. 
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